In 781 female college students, there were 41 cases of iron deficiency anemia, 209 of latent iron deficiency, 3 of other anemias, and 528 normal cases. Fifty-four volunteers recruited from the iron deficiency anemia and severe latent iron deficiency groups were randomly divided into 4 study groups. Groups I and III received 500 mg of vitamin C daily, and groups II and IV received ferric ammonium citrate (FeAC; equiva lent to 6 mg iron) in addition to vitamin C for 9 weeks. Groups I and II were loaded by aerobic exercise at 50% V02 max. Significant differences between groups were noted in serum ferritin (SF) in III/IV, hematocrit (Ht) in II/III and III/IV, and reticulocytes (RET) in I/II, I/IV, and III/IV. Hemoglobin (Hb) and other iron-related blood indices tended to nor malize in groups II and IV when compared with the pre-values. VO2 max was elevated in groups I and II regardless of iron treatment, but was augmented more in group II than group I.
Iron deficiency anemia is a common nutritional problem in premenopausal women in Japan (1, 2) and most other countries, affecting more than 10% of the world population (3) (4) (5) (6) (7) . Various iron preparations have been used for the treat ment of iron deficiency anemia (8) (9) (10) (11) . The clinical doses of iron however, are usually much higher than the recommended dietary allowance of iron in Japan (12) and in the U. S. A. (13). Large, acute doses of iron may be unacceptable because of frequent gastrointestinal side effects. Furthermore, the risk of cancer is suspected in subjects with high iron storage (14) .
In this study, we report the results of a survey of the iron deficiency status of female college students at Nakamura Gakuen College , Fukuoka, and of a trial to correct iron deficiency anemia by a convenient low-dose iron treatment . Ohira et al. (15) have shown that work performance capacity in cases of severe anemia is lower than that in normal subjects , and Hb and maximal work time are increased by iron treatment. We therefore determined the VO2 max of iron deficiency anemia subjects before and after iron treatment. In the following paper we discuss the effect of moderate aerobic exercise loading on work performance capacity in cases of iron deffficiency anemia and the correction of Hb levels . Prior to a trial for correction of iron deficiency anemia by oral iron supple ment, the bioavailability of iron derivatives was tested with FeAC and sodium ferrous citrate. In previous studies, iron absorption was enhanced when given together with vitamin C (20) (21) (22) (23) (24) (25) . In the present study , the elevating effect of vitamin C was examined with normal iron-index subjects (n=8; male , aged 26-31, average of 28 years) by measuring their SI levels after administration of the respective iron citrate compound, equivalent to 6 mg iron , with or without 500 mg of vitamin C.
SUBJECTS AND METHODS

Routine
As illustrated in Fig.  1 of a long-term iron supplementing program, an iron tablet was prepared containing FeAC, equivalent to 6 mg iron, and 500 mg vitamin C. In addition to iron and vitamin C, the iron tablet contained sodium bicarbonate , L-tartarate, sodium citrate, and cyanocobalamine. To 10 volunteers recruited from subjects with normal iron indices (male, aged 26-32, average 28 years), one iron tablet was given daily for 9 weeks. Their SI, SF, Hb, and other iron-related blood indices were determined weekly, but no significant changes were observed during the experiment . Serum enzyme activities such as GOT, GPT, CPK, and ALP were within normal limits , and no gastrointestinal complaints were reported. iron-related indices and erythrocyte profiles were analyzed every week during the experiment. The experiment started Oct. 13, 1988 and continued for 9 weeks. The VO2 max value of all subjects in the 4 groups was determined prior to, and at the fourth and ninth week of the experiment using a bicycle ergometer (Ergometer 818-7KP Monark, Sweden, equipped with a health guard, Takei Scientific Instru ments, Tokyo, Japan). For subjects in groups I and II, moderate aerobic exercise e at 50% VO2 max for 30 min/day was loaded 3 times/week during the 9-week experimental period.
Daily iron ingestion from food was measured by weighing individual foods. Each food item in a meal was weighed and recorded daily, and the iron ingestion per day was averaged from the foods taken for one week. The iron content in individual food items was obtained from the food composition (26) and from data tables published by the Resources Council, Science and Technology Agency, Japan (27) .
The differences in iron-related blood indices, iron intake from foods and VO2 max during the experiment were statistically analyzed using the Paired-t test or ANOVA and Tukey's one-tailed test.
RESULTS
Iron deficiency status
According to the classification of iron deficiency states based on Hb and SF concentrations, the number of normal, latent iron deficiency, iron deficiency anemia, and other anemia cases were 528, 209, 41, and 3 out of the total population of 781, respectively, and are shown together with other iron-related blood indices in Table 1 .
Iron treatment and aerobic exercise Change in iron-related blood indices and the amount of iron ingested from foods during the 9-week experimental period are shown in Table 2 . Comparing pre and post-experimental values, a trend toward normalization was observed in Hb in groups II and IV at between the third and ninth week of iron treatment (p<0.01, Paired-t test). Group comparisons however, demonstrated statistical significance (p<0.05) only in the levels of SF, Ht, and RET. SF levels differed statistically between groups III and IV (p<0,05). Ht differed statistically between II and III (p<0.05) and III and IV (p<0.05). RET differed statistically between I and II (p< 0.05), I and IV (p<0.05), and III and IV (p<0.05). In addition to Hb, trends toward normalization of iron-related blood profiles appeared in SI, blood gravity, MCV, MCH, and MCHC from 3 to 4 weeks after iron treatment (data not shown).
The amount of iron ingested from foods in iron deficiency subjects was much less than the 10.5 mg/day level found in a 1987 survey (12) of the total Japanese population. The iron intake varied slightly during the experiment between 7 and 9 mg/day, but did not differ statistically between the groups during the experiment ( Table 2 ).
Aerobic exercise VO2 max was measured prior to and at the forth and ninth week after loading aerobic exercise in the 4 groups. The pre-values of VO2 max in group III were significantly higher than other groups as shown in Table 3 . Irrespective of iron treatment, VO2 max was significantly elevated by enforcing moderate aerobic exercise loaded at 50% VO2 max for 30 min/day, and 3 times/week. Without exercise, VO2 max did not increase even when Hb levels increased at 9 weeks in group IV. In group IV, Hb increased parallel to SF and there was a significant correlation between Hb and SF concentrations 9 weeks after iron supplements (Fig. 2D) . With loading aerobic exercise, the correlation between Hb and SF was not significant (Fig. 2C) Fig. 3 . Relationship between hemoglobin concentration and VO2 max in iron de fi ciency anemia and latent deficiency subjects (n=54) at pre-experiment. The symbols used for the groups are the same as those in Fig. 2 .
the subjects would have to double their intake of food, assuming 6 mg iron/1,000 kcal food, and food-iron is efficiently absorbed as FeAC with vitamin C. Their iron intake as expressed by the energy base averaged 5.6mg/1,000 kcal. It threfore seems that it will be difficult for dietary treatment alone to correct iron deficiency anemia unless a special menu consisting of a high level of iron is provided and unfavorable dietary habits are altered. Regardless of iron treatment or Hb levels, VO2 max in the anemia subjects increased from 4 weeks after aerobic exercise loading. Physical work capacity in iron deficiency anemia might be elevated due to muscle training as well as skill in using the ergometer. The present results, which show no relationship between Hb concentrations and VO2 max, are inconsistent with previous observations by Edgerton et al. (28) in which a close correlation was demonstrated. The Hb concentrations of their subjects were extremely low, between 2.5-8 g/100 ml, while they were 10-12g/100ml in the present experiment. The correlation between Hb and work performance capacity may therefore exist only when the Hb concen tration is less than 10g/100ml. In pre-and post-experiment values, no relationship between Hb and VO2 max was demonstrated in the total population of the 4 groups (Fig. 3) . A close correlation between Hb and SF concentrations, however was demonstrated in group IV when Hb and SF levels were elevated as shown in Fig .  2D . Elevation of SF was slow in group II in comparison with group IV, and the correlation between Hb and SF in group II was not significant (Fig. 2C) . These results indicated that iron metabolism might possibly be affected by exercise even at the moderate loading used in this experiment.
Aerobic exercise might stimulate iron excretion through sweat and/or accelerate Hb degradation by elevating the respiration rate.
On the other hand, the Hb concentration in group I did not decrease during the experiment. Moderate aerobic exercise loading did not change dietary patterns, and total energy intake from foods was 1,400 to 1,600 kcal/day in all groups throughout the experiment.
Aerobic exercise at moderate intensity was therefore not harmful to iron deficiency anemia, but iron treatment is preferable in view of Hb correction and the increase in iron storage.
